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Previous class

@ Higher order beliefs can play an important role in capital markets, if
two necessary conditions are satisfied

o Heterogenous information among traders (so higher order beliefs do
not collapse to first-order beliefs)

o Heterogenous trading horizon among traders (so short horizon traders
care about short-term prices which depends on higher order beliefs of
long horizon traders)

@ Same insight from general higher order beliefs literature apply:

e Traders put excessive weight on public information (relative to
Bayesian weights) for prices other than the final period

e The excessive weight is higher for earlier period prices when higher
order beliefs are even more important -> price drifts toward
fundamentals
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Previous class, continued

o Different insight: the coordination role of public information is
endogenous and in an setting with ex-ante same traders always
dominated by the informational role ->> the more precise the public
information, the more other traders use it, and the more excessive

weight the focal trader applies.
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This class - keep discussing applications of higher order

beliefs

@ How more public information can induce divergence in higher order
beliefs and thus higher trading volume -> Kondor (2012)

@ How more public information can induce coordination failure among
creditors -> regime-shifting models (Morris and Shin 2004, 2000)
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K 2012 - Background

@ In CARA - Normal models of asset pricing, where all information
signals, both private and public, are noisy representations of
fundamental value, then public information can only decrease
disagreement.

@ To induce disagreement, need some unconventional way of modelling
information structure (Kim and Verrecchia 1991 JAR).
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K 2012 - Background, continued

@ Formally, denote fundamental by 6, public signal y = 6 +# and
n ~ N(O, (7%) and x; the private signal of trader j

@ Then
cov (8, y|x;)
E|0|x;, = E|0|x;|+ —————(y — E|0]x;

Phyy] = Elbg]+ 0 Ay — Elolg)
var(6]x)

= E|f|x — E6|x;

Obs)+ oG o7~ El8bs)
= E[flxg]+ By — E[0]x]),
where f = var(fl) g independent of j due to normal distribution.

var(0]x;)+o7
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K 2012 - Background, continued

@ Therefore E(8|x;,y) = By + (1 — B)E(6|x;) and
E(0|xk,y) = By + (1 — B)E(B]x«) for any j # k.
@ This results in

El6]x,y] — E[6lx,y] = (1—B)(E[B]x] — E[6]xi])
< E[8]x] — E[B]x],

i.e., public signal y reduces dispersion of first-order beliefs.
@ Possible ways for public signal y to increase belief dispersion:

e y comes from strategic disclosure (e.g., earnings number) and private
signal informs about disclosure strategy -> a naive investor model (also
see Kim and Verrecchia 1994 for a related way of modelling)

e Admit that first order beliefs become more homogenous but higher

order beliefs become more heterogenous (the main approach in Kondor
2012)
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K 2012 - The wallet game

@ First introduced by Klemperer European Economic Review 1988.

@ 0 =0f+ 0. and s observes s = 0¢ + €.

@ Two forecasters A and B: A observes x4 = 0. + €4 and B observes
xg = 0. + €5.

@ A and B's expectation of s's expectation of 8 is, for j = A, B and
some bg > 0,

E[E[6¢]s]|x] = E|bgs|xj] = boE[s|x]]
= bpE[f¢|x] = 0.
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K 2012 - The wallet game, continued

e Now introduce public information y =0 +# =0r+ 6.+ 7

@ s's expectation of 6 now becomes E[f]s, y] = bys + ¢y for some
by >0 and ¢ > 0.

@ Now each forecaster j's forecast of s's forecast becomes
EIEBls.v].y) = Eltgs-+ciylx.y
by(bxj + cxy) + cy
for some b, > 0 and ¢, > 0 which are in general not equal for

j=AB.
@ How to introduce higher order beliefs into a pricing model? AMS.
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K 2012 - Model setup

e Two generations of traders (early and late). CARA utility with risk
aversion coefficient a.

@ Each generation has a continuum of traders and trade occurs at dates
0, 1 and 2.

e Early traders (similar to A and B in the wallet example) trade among
themselves at date 0 and 1 and trade with late traders (similar to s in
the wallet example) at date 2.

@ Random supply u; at dates 0, 1 and 2.

o Final dividend 6 = 6, + 0, + 0, with all three components
independent.
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K 2012 - Information structure

o Early traders, indexed by /i, observe x; = 0 4+ 0, + €; at date 0; late
traders, indexed by j, observe x; = 65 + 0,, + ¢; at date 2.

@ There is a public signal y = 6 + 77 observed at date 1.
e Assume that 6, ~ N(0,1);6,,0, ~ N(0,2);¢;,¢; ~ N(0,1);17 ~

N(0, %) up ~ N(O, 51—%)

@ Information sets at each period:
I§={xi, Po}; l{ = {xi, Po, Pr.y}; B = {x;, Po, P1, P2, y} where P; is
the price at date t.
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K 2012 - Solving for the model

@ Conjecture linear price for each period, i.e.,
Po = bo(ek + QW) — €y up,

which is informationally equivalent to

Po
=0+ 0y ,
qo = bo kT bo 2 1o
i.e., a noisy signal of 6, +6,,.
@ Conjecture
Py = ciy + b1(0x +6w) + fiqo — erun,

P() = b0(9k +9W) — €pup,

which is informationally equivalent to

, 1.e., a noisy signal of 6, +6,,.
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K 2012 - Solving for the model, continued

o Conjecture
P> =y + b (0s +0w) + g1 + 8200 — €22,
which is informationally equivalent to

_P-ay—ha—gqp _, e, 24
- ) w '

a2 by by

i.e., a noisy signal of 65+ 0,,.
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K 2012 - Solving for the model, continued

@ Working backwards, Grossman-Stiglitz framework results in

&= E[9|Ié] _'P2
avar[0| 5]
and _
i _ E[P|l] — Py
avar[Py 1]
as those are the terminal dates for the late traders and early traders.
We now need to calculate explicitly dé.
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K 2012 - Solving for the model, continued

@ For simplicity we now omit the superscript /. Note that for early
traders, the total wealth is

wo o= w+w

(Pl — Po)do + (PQ — Pl)dl.
Therefore the expected utility at date 0 is

E[— exp{—a(wi + w2)} /o]
—  E[E[- exp{—a(w +w2)}|1]] ]

where the last equality is because of the law of iterated expectations.
dj is chosen to maximize E[— exp{—a(w1 + w2) }|o].
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K 2012 - Solving for the model, continued

o Note that
E[—exp{—a(w1 + w2) }|h]
= —exp{—aElwi+wolh] = Svar(w +walh)}. (1)
We have
E[wi + wo|h] = (P1 — Po)do + (E[P2|h] — P1)dh, (2)
where

_ E[Pa|h] - Py
avar[P2|I1]
Insert into equation (2) results in
(E[P2|h] — P1)?

E h] = (P — Py)d
[W1+W2|1] (1 o)o-l- avar[Pglll]
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K 2012 - Solving for the model, continued

o In addition,

var(wy + wa|h)
= var((P,— Py)di|h)
d?var(Ps| 1)
E[Ps|h] — P1)?
(E[Po|h] — P1)?
a%var|P,| ]

Equation (1) now becomes

E[P>|h] - P1)?
2avar[Py| 1] H (3)

Note that the expression inside the exponential term of (3) is a
quadratic function of normally distributed random variables.

—exp[—a{(P1 — Po)do + (
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K 2012 - Solving for the model, continued

o Suppose X ~ N(p,¢?) and let y = x?. Then y is chi-square

distributed with degree of freedom of 1. Then E[e"]| = ﬁ for
t < % Similarly, If X1, X2, ..., X are independent and X; ~ N(;, 1),
k

then y = lez is a non-centered chi-square random variable with
i=1

,2 and

Ty M

1

k
non-centered parameter A =
=1

2
t
K ).

t _
Ele¥l = gz i =

When y = ax? + bx + ¢, then

(n+2)%a

1
Ele?] =
[”] V1 — 2tag? exp( 1— 2tao?

).
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K 2012 - Solving for the model, continued

o In general, we will have

dy = A(E[PL]lg] — Po) + BE|[dj |Ig]

for some A >0 and B > 0.

@ Conjecture that

and

Xu Jiang ()

E[6]8] = bx; + Ty + &gz + Fq1 + 4o,

E[0s + 0u|l] = bsx; + csy + esq1 + fqo,

E[0lb] = E[8k+ 0w, q0]
= E[q1|xi, qo]
= Ely|xi, qo] = byxi + e, qo
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K 2012 - Sketch of the steps of solving for the model

@ Sketch of the steps:

Calculate aggregated demand for each period

Dy = fol didi, Dy = fol didi and D; = fol & dj using conjectured
pricing rules.

Market clearing requires Dy = ug, D1 = v and D, = wp.

Calculate equilibrium prices using the market clearing condition.
Work backwards (i.e., from P, to P; to Py) and match coefficients.

Insert the equilibrium prices into the individual demand functions =
individual equilibrium demand = get trading volume from the
change of demand over time.
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K 2012 - Summary of results

@ Eventually we can solve

i T2 T
& ="(x—q)=—¢ :
i T1 T1
d = —(xi — —&;
1 (51 (XI ql) 51 i+ up,
and - 0
df = —(x — = —¢
for some T; where T% is the precision of g, i.e.,
1 e?
T2 b%52
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K 2012 - Summary of results, continued

@ The trading activity of individual / at date 1

i i i 1 To
Vi =ldi —dy| = |[(+ — )&+ (11 — wo)|
51 do
and
vier! = [ Vidi
Let - -
O ={g: (=2 — D)ei + (ug — up) > 0}
51 do
and - -
O ={e: (22— Ve + (1 — wp) < 0O}
51 o
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K 2012 - Summary of results, continued

@ Then,
1 T T
Vtota/ - = 1 to . B ,' ,-
: > Jou (5, = 5 ) T (11— wo)]o(Vaei) de
1 T1 To
5 Q,[ 5 %)SlﬂL(Ul — up)]p(Vag;)de;,

where ¢ is the pdf of the standard normal. Therefore we have

1
50 Elgler > 0] — =22 — X0 Eesler < 0.
do 0

Vl — Vltota/|u1:u0 — §| 51
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K 2012 - Summary of results, continued

e Note that for x ~ N(u, ?),

(aSra
Elx|x > a] = y—l—va.
and (=)
¢(=
Elx|x < bl =p _Uq)(a;y)

where ¢ and ® are the pdf and cdf of standard normal. Therefore
1 2

Val-o(0)  Ja
and
e _ 1 ¢9(0) _ 2¢(0)
Eleile; < 0] = 7z ®(0) N
Therefore,
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K 2012 - Main results

@ Main result 1: Proposition 3: v — o0, ove — . Intuition: in the

framework we discussed before public in?grmation doesn't change the
disagreement among traders.

@ Main result 2: Proposition 4: aa—‘gf can be positive when w > %
which is equivalent to corr(x;, xj) < corr(x;, y)corr(x;, y) Intuition:
higher order disagreement increases as in the wallet game when
correlation between 65 and 0 is sufficiently low (in our information
structure the correlation between 65 and 6 is zero)

@ Standard information structure, i.e., x; = 0 + ¢, x; = 0 +¢;, and
z = 0 417, does not satisfy the above inequality as
COI’I’(X,', XJ) _ var(0) > var(0) var(0)

\/var(x,')var(xJ') \/var(x,-)var(y) \/var(xj-)var(y)
equivalent to var(y) > var(0).

, which is
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K 2012 - Main results, continued

2 .
@ To see how w > Y is equivalent to
corr(xj, xj) < corr(x;, y)corr(x;, y) under the current information

structure, note that corr(x;, x;) = var®) m ,
var(x;)var(x;) var(x;)var(x;)
corr(x;, y) = varlldvar®u) _ \%/+$ Y
" \/var(x,-)var(y) \/varl(x,-)lvar(y) '
) _ var(0s)+var(0y) _ v
COH/(XJ' y) \/var(xj-)var(y) \/var(xj-)var(y) '

@ Therefore corr(x;, xj) < corr(x;, y)corr(xj,y) is equivalent to

var(y) 1, 142 2t 1, 132 1 w
= <(ytp)ie, =+t < (;+ )7 and thus 5 < 4.

w v T w w B
@ Proposition 1 shows that corr(x;, xj) < corr(x;, y)corr(xj,y) is
sufficient and necessary for public announcement to increase
disagreement among early investors about the average late investors'
first-order beliefs of fundamental.
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K 2012 - Takeaway

@ In standard noisy rational expectations model with standard
information structure, more precise public information always reduces
the disagreement among traders about fundamentals.

@ However, higher order beliefs (beliefs about average beliefs) may get
polarized if traders only know a subset of the fundamentals and public
information is about fundamentals.

o Polarized higher order beliefs can result in increased trading volume if
traders have short horizons since their payoff depends on higher order
beliefs.
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MS 2004 - Big picture

@ Higher order beliefs may result in coordination failure in debt markets
-> if | think you will foreclose on the debt, it would be optimal for me
to do so as well.

@ Coordination failure results in solvent firms pushed into bankruptcy,
generating inefficiencies.

@ Such ex-post inefficiency will be reflected in the ex-ante price of debt.

@ Global games technique provide an elegant way of quantitatively
characterizing such inefficiency, in a game with strong strategic
complementarities (regime change models)
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MS 2004 - Model setup

e A continuum [0, 1] of creditors finance a project and can choose in the
interim whether to rollover or foreclose on the debt. Their payoff from
such decisions depends on whether the project succeeds (A € (0,1)):

Project Project

succeeds fails
Roll over loan 1 0
Foreclose on loan A A

@ The project succeeds if and only if z/ < 68, where 6 is the fundamental
of the project, / € [0, 1] is the proportion of creditors who choose to
foreclose, and z > 0 is a parameter that captures the vulnerability of
the firm to debt foreclosure.
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MS 2004 - Multiple equilibria region

@ Since z > 0 and / € [0, 1], then rolling over the dominant strategy
when 6 > z and foreclosing is the dominant strategy when 6 < 0.
When 6 € [0, z]: every creditor foreclosing and every creditor rolling
over can be an equilibrium.

How to select unique equilibrium: global games methodology ->
heterogenous information: every creditor observes a noisy signal of 6,
i.e., x; =0+ ¢ where g ~ N(O, %) and independent for i £ j. In
addition, the prior of 6 is normal with mean y and precision a (kind of
like public info).
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MS 2004 - Solving for (possibly unique) equilibrium

@ Conjecture a threshold equilibrium, i.e., creditor j will foreclose if the
private signal x; < { for some { to be determined. Also conjecture
that the project will succeed if and only if 8 > ¢ for some ¥ to be
determined.

@ This implies: 1) creditors observing x; = ( is indifferent between
foreclosing or rolling over; and 2) projects with 6 = 1 are at cusp of
failing and succeeding.

@ The first condition results in

A=1xPr(f>y|x =)

@ Conditional on x; = 7, 0 is normally distributed with mean
Bxitay _ pitay
pra T pra

@ Therefore Pr(60 > ¢|x; =) =1 —®[/a + B(¢p — ﬁgizy)] so we

have
A= 1-olarpy- )

; 1
and variance T
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MS 2004 - Solving for (possibly unique) equilibrium,

continued

@ For the second condition, we have
¥ =zE[l|0 = ¢] = zPr(x; < |0 = ¢),

where the second equality follows from Law of Large Numbers.

e Conditional on 6, x; is normally distributed with mean 6 and precision
B. Therefore we have

p=z®[VBE -yl (4)
o From A = 1— @[/t p(p — FiY)] = 1 — @[ F-E2E] e
have %\/%Vﬂp) = ®1(A). Insert into equation (4) results in

y - 20

@-y+ Y o0 ()

S®
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MS 2004 - Solving for (possibly unique) equilibrium,

continued

@ The left hand side of equation (5) is negative when 1 = 0 and
positive when ¢ = z. So there is at least one solution in (0,z). A
sufficient condition for the solution being unique is that the left hand
side is strictly increasing in 1, which will be the case if

VETE o1 (a))

>0,

e

and will be satisfied if z\[ < V2, as p < —— N unique solution
\/E

is obtained when \[ < , i.e., when the precision of public

p

information (relative to private information) is sufficiently small.
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MS 2004 - Fundamental uncertainty versus strategic

uncertainty

e Projects with 6 € [0, ¢] will fail because creditors choose to foreclose
on the loan -> solvent but illiquid firms that could have survived if
every creditor chooses to rollover -> creditors choose to foreclose as
they are concerned that others will foreclose due to the low signal
usually induced by low 6.

@ Recall that multiple equilibrium is due to strategic uncertainty caused

by no fundamental uncertainty -> private noise, by introducing
fundamental uncertainty, eliminates strategic uncertainty.
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MS 2004 - Fundamental uncertainty versus strategic

uncertainty

@ Such force exists even when 8 — +oco (i.e., when the private signal is
infinitely precise). In this case ) — z®[®1(A)] = zA > 0 so there
is still inefficient foreclosure.

@ Recall that at the threshold signal x; = , the proportion of others
observing x; < ¢ (and thus foreclose) is uniformly distributed on
[0,1]. Therefore for the creditor who observes x; = { when  — o0,
the creditor observes 0 perfectly as 8 = x;. Foreclosing generates A
whereas rolling over generates a payoff of
1 x Pr(@ > zl) = Pr(/ < %) = £ Indifference condition thus
becomes A = £, or 6 = zA.

Zz1
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MS 2004 - Fundamental uncertainty versus strategic

uncertainty, continued

@ Another benchmark: B — +co and & — +oco but = =c < V2T

\/B z

ensure unique equilibrium. We then have
1
c=2@le(y—y+ @)

@ Therefore, ¢ depends on prior mean y, even though the private signal
becomes infinitely precise (and more so than the public signal).
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MS 2004 - Comparative statics

@ Denote equation (5) as

f(y,z,y)=0.

@ Then implicit function theorem implies that

ay 3
g——g>o,
I

g—l'; > 0 (the unique equilibrium requirement) and

) a+p o
%= ol p—y+ Lo i) <o

@ Intuition: Higher z is, the more vulnerable the firm is to creditors’ run
and the creditor is more likely to run, resulting in more inefficient
liquidation region (recall that inefficient liquidation region is [0, ¢]).

as
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MS 2004 - Comparative statics, continued

@ Implicit function theorem implies that

of
W gy
T__7<0'
y e

as 3—5) > 0 (the unique equilibrium requirement) and

ng/ = . Hﬁd)*l()t))] > 0; We can similarly

44
ZW‘P[ \/B(lp -y + o«
show that g—f > 0.

@ Intuition: Higher y is, the more likely other creditors will observe a
high signal and not run so the less likely | will run, resulting in less
inefficient liquidation; the higher A is, the more attractive foreclosing
is and thus the more vulnerable the firm is to creditors’ run, resulting
in more inefficient liquidation region (recall that inefficient liquidation

region is [0, ¢]).
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MS 2004 - Comparative statics, continued

@ Intuition: Higher y is, the more likely other creditors will observe a
high signal and not run so the less likely | will run, resulting in less
inefficient liquidation; the higher A is, the more attractive foreclosing
is and thus the more vulnerable the firm is to creditors’ run, resulting
in more inefficient liquidation region (recall that inefficient liquidation

region is [0, ¢]).
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MS 2004 - Ex-ante debt pricing

@ Consider a unsecured long-term debt with face value 1: the debt will
payoff 1 if the firm survives (6 > ) and 0 if the firm does not survive
(6 < ). Given that the prior distribution of 6 is normal with mean y
and precision «, the ex-ante price of this debt is

W(y)=Pr(6 >9) =1-2(Va(yp—y)).

@ So the derivative of W with respect to y is

ow Y
W_\/&(P(\/&( y)) = Vap(Va(p —y)) - 3y

@ The first term reflects the fundamental effect (when keeping ¥
unchanged) whereas the second term represents the coordination
effect as higher increase in the mean improves coordination effect and
this is factored into ex ante pricing.

@ Separating fundamental effect and coordination effect is usually
difficult as coordination effect is amplified when fundamental effect is
also strong (i.e., when fundamental is weak).
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MS 2004 - Takeaway

@ In games with coordination changes, strategic complementarity can
have amplification effects -> shifting from one regime to the next.

o Insight from global games still apply: heterogenous private signal
helps select a unique equilibrium, so long as public signal is not very
precise (relative to the private signal).

@ The equilibrium usually features inefficiencies (relative to first best)
due to strategic complementarities -> if | fear others will take
inefficient actions, | am better off also taking the same action.

@ The coordination role of public signal remains, even when private
signal precision goes to infinity.

o Ex-ante pricing: both fundamental and coordination effect of public
information will be reflected.
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MS 2000 - Bank run setting

@ Another application of global games in settings with regime change.

o Will feature inefficient bank runs -> solvent but illiquid banks
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MS 2000 - Model setup

@ Three dates (0,1, 2) and a continuum of consumers each endowed
with 1 unit of consumption good.

o Consumption takes place at either date 1 or 2.

o A measure A (1) of impatient (patient) consumers as in Diamond and
Dybwig (1983) who has utility function u(c;) = log(cy)
(u(c1, @) = log(c1 + ¢2)). Consumers privately learn their types at
date 1.

e Consumers can deposit their endowments in the bank (or save
privately with a return of 1). The bank can invest in an illiquid
project that generates return R > 1 in date 2 without any withdrawal.
If | proportion asks for withdrawal, they get a return of 1 whereas the
return of the illiquid project now becomes R x e~/ = e" 9/ reflecting
the cost of premature liquidation of the project where
r=logR € (0,1) and ¢ > 0 reflects the vulnerability of the bank to
withdrawals.
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MS 2000 - Optimal contract

@ The bank chooses ¢; and ¢, to maximize (as in Diamond and
Dybwig, for patient consumers consumption occurs at date 2)

s.t.

u(er)

Acy + % < 1+ A (resource constraint),

u(ca) < u(er) (IC constraint)

Xu Jiang ()

BA 932 Session 8 More Applications of Highe March 5th, 2024 44 / 53



MS 2000 - Optimal contract, continued

@ lIgnoring IC constraint first. DD shows that one should let patient
consumers consumer in the second period. And the resource
constraint clearly binds. Therefore Ac; + % = 1+ A, resulting in
¢ = R(1+ A —Ac). Insert into the objective function and take first
order condition results in

A1 1 RA
1+Aq o 1+AR(1+/\—AC1)'

and thus
Cl:R(1+/\) Cz:R[R—k/\—A(R—l)]
R+A ' R+A
@ Since ¢ > ¢y the IC constraint is satisfied. So this is the first-best
solution.

@ However, DD also shows that there is another run equilibrium: when
r € (0,6), everybody running and getting 1 is an equilibrium (as
r—o6 <0).
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MS 2000 - Using global games to get a unique equilibrium

@ Assume that r is normal with mean 7 € (0, 6) and precision «. Each
depositor i observes x; = r + ¢; where ¢; is normally distributed with
mean 0 and precision B and independent among depositors. Then
depositor i perceives r to be distributed normally with mean

p; = “Z:F%X’ and precision a 4 3. Depositor perceives others’ private
signal to be distributed normally with p, = “Zi%x" and precision

I Blatp)

aptE a+2B

@ Guess and verify: each depositor runs if and only if p. < p* for some
p* € (0,6) to be determined -> A patient depositor who observes
p; = p* is indifferent between withdrawing and staying.
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MS 2000 - Using global games to get a unique equilibrium,

continued

o Withdrawing provides a utility of log1 = 0, whereas staying when
observing p; results in a utility of

E[r—dllp;] = p;—0E[llp;] = p; —0Pr(p; < p*lp;)

= - ap( T <)

= p;—0Pr(x < M‘M‘PJ

_ plat+p) (atp)o” —ar

= p;— 0P a+ 2B ( B -0l
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MS 2000 - Using global games to get a unique equilibrium,

continued

@ When p; = p* the indifference condition results in

p* — 6] Bla+ ﬁ)((“ +B)p" —ar 0%)]

x+2p B
N atp) .
— _ ol [T e
p - dofy 5 2B o )
= p —oelyr(p" =) =0,
where 7 = gzgﬁég p* € (0,6) so inefficient bank run region is
(0.0%).

e We can similarly (to that in MS 2004) show that p* is unique if
(5\ﬁ < /2, i.e., when the precision of public information is
sufficiently imprecise relative to private information.
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MS 2000 - Properties of run threshold

@ When g — o0, p* — g, i.e., exactly the middle point of the original
multiple equilibrium region.

@ When & — +o00 and B — oo but 7 is fixed so that 6,/ < 27, p*
depends on 7 so prior mean still plays a role even when precision of
private information goes to infinity, as in MS 2004.

@ p* increases in ¢, decreases in 7, increases in « (to the extent that «
is not too large so that unique equilibrium is preserved) but
ambiguous in B.

e The intuition of the first two comparative statics similar to that in MS
2004.

o With respect to a: More precise public signal exacerbates inefficient
run when private signal realization is bad but reduces inefficient run
when private signal realization is good -> overall the first effect
dominates as we are in a range with inefficient runs.
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MS 2000 - Ex-ante probability of withdrawals

@ A depositor withdraws if and only if “Z:F%X" < p*, i.e., if and only if

o 5t = S g
@ Since x; is normally distributed with mean 7 and precision B, given
fundamental r, the ex-ante probability of withdrawals is

Prixi < x*( O[/B(x* (0", 7) —7)].

@ The ex-ante probability of withdrawals is decreasing in ¥ through two
channels: fundamental channel (the —7 term) and the coordination
channel (through p* as p* decreases in 7).
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MS 2000 - Ex-ante probability of withdrawals, graphical

illustration

o Again difficult to differentiate fundamental-based bank run and
coordination-based bank run.

@ Chen et al. (2023) find a smart way: coordination-based bank run
exhibit much higher sensitivity of withdrawals to fundamentals and
use this excessive sensitivity to identify coordination-based bank run.

Figure 4 PROPORTION £(r) OF WITHDRAWALS

1

05F------
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MS 2000 - Takeaway

@ Global games methodology can result in unique equilibrium in a
Diamond-Dybwig multiple equilibria setting featuring both bank runs
and no runs, so long as the precision of public information is
sufficiently small relative to that of private information

@ The unique equilibrium features inefficient bank runs: depositors run
on solvent but relatively weak banks because they fear others will do
So.

e More precise public information exacerbates inefficient runs due to its
coordination role

o Empirically differentiating fundamental-based bank runs and
coordination-based bank runs is difficult, perhaps one way is through
excessive sensitivity of withdrawals to fundamentals.
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@ Disclosure models in banking settings

e Overview

o whether disclosure exacerbates or alleviates bank run, in particular
coordination-based bank runs (panic-based bank runs) (Bouvard et al.
2015)

e whether reporting discretion exacerbates or alleviates bank run, in
particular coordination-based bank runs (panic-based bank runs) (Gao
and Jiang 2018)
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